Introduction
Tradescantia, commonly called spiderwort, is a herbaceous plant which has almost world-wide adaptation and can grow around the year in the field of subtropical regions of the world or in greenhouses everywhere. Its relative small plant size (most species are less than 50 cm in height) and six pairs of relatively large chromosomes in Tradescantia paludosa clone #03, a prolific, robust and multi-branched species became a popular cytogenetic experimental material since the late 1930s (1) (2) (3) (4) (5) . Extensive studies of the direct and indirect effects of radiation on mitotic chromosomes of microspores of Tradescantia laid the foundations of a number of principles on radiation induction of chromosome breakage, the mechanism of chromosome aberration and the interpretation of the aberrant chromosome and chromatid configuration (3, 4, 6) . The root tip chromosomes of Tradescantia were used for studies of chemical mutagen and radiation induced'chromosome damage.
Tradescantia pollen tube chromosomes of the mitotic generative cells were used for the study of ionizing radiation and ultraviolet light induced chromatid aberrations since late 1940s (7) (8) (9) (10) (11) . When mature pollen grains were cultured on a simple lactose-agar medium, radiation (5, 7, 8, 10) or chemical mutagen (7, 9, 12, 13) Meiotic chromosomes of pollen mother cells (PMC) have long been known to be more sensitive than mitotic chromosomes to radiation (3, 4, 6, 14) but they were rarely used for studies on the induced chromosome aberrations because the aberrations were hard to be analyzed and scored to compile quantitative data. The major problem was due to the looseness of the metaphase I chromosomes and their unclear image in the meiotic PMC preparations. However, if the treatment is applied to the early prophase I stage and allow the treated meiotic chromosome to go through a proper recovery time (15) , the acentric fragments or the sticky chromosome complex would become micronuclei (MCN) in tetrad stage of meiosis (Fig. 2) . This was the basis for establishing the Tradescantia micronucleus (Trad-MCN) bioassay (16, 17) . This 1,2-dibromoethane (16) and followed by x-rays and known mutagens (17) . The dose-response curves were established by 1,2-dibromoethane and x-ray treatment (14) . The linear regression dose-response curve of x-rays is shown in Figure 3 . The present paper intends to give a general review on the use of Tradescantia pollen systems in the detection of the mutagenic effects of radiation and chemical agents. General procedures of Trad-MCN bioassay and pollen tube chromatid aberration test will be described, and their favorable features and limitations will be discussed.
Tradescantia Micronucleus Bioassay
Experimental Procedure A detailed account of this bioassay was given elsewhere (18 Environmental Health Perspectives buds is undergoing early meiotic prophase I division which is sensitive to mutagens. The selected inflorescences are excised from the plant (about 5-8 cm in length) and maintained in water cups in groups of 15 to 20. Treatment Procedures. Gaseous agents can be applied in an enclosed chamber with known concentration of gas and the rate of flow. The PMC of the plant receives the treatment through diffusion of the gas into the buds (19) . The plant cuttings in the chamber should be illuminated during the treatment period thus the normal life processes can be maintained. The duration of treatment is usuallv 6 hr but occasionally may be extended up to 24 hr when low level of gas is used.
Liquid treatment can be applied by adding a known quantity of agent in water. The water solution of the agent is readily absorbed through the stem, peduncle and pedicel up to the filament of the stamen. Water-insoluble agents are usually first dissolved in dimethyl sulfoxide (DMSO) or ethanol. Treatment duration is usually 6 to 24 hr.
In situ monitoring for gaseous pollutants in the air is conducted by exposing the plant cuttings to the atmosphere of the selected sites for the durations raging from 2 to 6 hr. This can also be done by growing the plants on site and sampling the inflorescences for cytological observations from time to time. For water pollutants from runoffs of industrial sites or power plants, monitoring can be conducted either by growing plants in nearby fields or taking water samples to be tested in the laboratories.
Among physical agents tested by this bioassay, ultraviolet light, x-rays, and -y-rays were proven to be effective in damaging chromosomes and resulting in increase of MCN frequencies. Radiation treatments are administered by exposing the plant cuttings to the physical agents at a given distance and duration.
Fixation of Samples and Preparation ofMicroslides. The inflorescences are fixed in aceto-alcohol (1:3) after a 24 or 30 hr recovery time. After 24 hr of fixation, the samples are stored in 70% ethanol. Since the MCN to be scored are in the wellsynchronized early tetrad stage, therefore, only the buds which contain early stage tetrads (four cells encased in an envelope) are selected for preparation of microslides. The aceto-carmine squash technique is used and described here step-by-step in Figure 4 . The selection of proper buds is done on the basis of size and relative position among the series of buds in a given inflorescence. A (17) , cyclohexylamine, maleic hydrazide (20), X-rays (14, 17) and ultraviolet light (20) . Fourteen other chemicals in the forms of gas and liquid were tested and reported at the 11th Annual Meeting of the Environmental Mutagen Society (21) . A sample of these experimental data from the latest tests on benzo(a)pyrene (liquid), hydrazoic acid (gas) and in situ monitoring (truck stop) are shown in Table 1 Enzymatic activation is often unnecessary because the agents for treatment can be metabolized in plant system without animal activators. Treated sample (fixed inflorescences) can be stored away in large quantities for cytological observation and analysis at the later time. The slides which bear tetrads and MCN frequency records can be made into permanent preparation for future study and confirmation. Average sizes of tetrads (18-22 ,um) and MCN (0.5-3 ,um) are relatively large, therefore, they can be easily identified and scored under 400 x magnification.
Limitations of the TRAD-MCN Bioassay
Since the chromosome damage in the form of MCN is used as the end point, results of this test serve only as a relative degree of damage. The technical details on culturing pollen tubes, treatment procedures and microslide preparation were elaborated in several earlier publications (1, 2, 23) . X-rays (7, 8) , ultraviolet light (5, 10), sulfur dioxide and organic gases (9, 11, 13) , and hydroxyurea (12) treatments were applied to this system and positive responses were obtained from relatively low doses of these mutagens. A general outline of this test is given below.
Pollen grains of Tradescantia are collected from fully opened flowers in the morning and desiccated in the dark for at least 4 hr. Dry pollen grains can be sown on semisolidified lactose-agar medium at the temperature around 38°C with the help of a camel hair brush. Treatment with radiation or gaseous agents can be applied to dry pollen before sowing on the medium or applied to newly germinated pollen tubes while the G2 interphase chromosomes are most sensitive to mutagens. The treated and control pollen tube cultures grown on the medium coated slides are immediately incubated in the moist chambers at 22°C in the dark for 16 hr. With the help of colchicine, which is a part of the culture medium, some of the mitotic generative cells are arrested at metaphase at the end of the 16 hr incubation period. Aceto-alcohol (1:3) or Gate's fluid is usually used to fix the culture. Hot acid (HCl, 60°C) hydrolysis and hot water (80°C) treatment help to delaminate the solidified agar medium from the slide surface. This is followed by cold water flushing in order to remove the medium from thp slide. Feulgen reaction is used to stain the chromosomes after the removal of the medium. Permanent slides are prepared by passing the slide through a series of dehydration ethanol and mounting in Euparal.
Favorable Features and Limitations
This test is an extreme sensitive bioassay for gaseous agents if treatment is applied to the early stage of pollen germination. This feature could be counted as a favorable quality as far as the mutagenic response is concerned but at the same time, this high sensitivity could also be viewed as limiting factor for its general application where the pollutants level is too high for the test. This response was demonstrated in the studies of SO, where 0.1 ppm concentration could increase the aberration frequency to 2-3 times of the control level (9), and 5 ppm and higher often inhibit the mitotic activity and the growth of the tube (11) .
Since the chromosomes of generative cells in the mature pollen of Tradescantia is fully doubled, therefore, aberrations induced at pollen or pollen tube stage would be chromatid types. Scoring of chromatid aberration under 1000 x magnification is a painstaking and time consuming task.
